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(54) Control system with induced load isolation and relief 



(57) A pressure- responsive hydraulic control sys- 
tem (10) having a plurality of work sections (11, 12), a 
load-sensing flow-compensated source (S) which cre- 
ates a margin pressure connected by a parallel flow inlet 
conduit (19) to the work sections and having a source 
retum line (1 8). a hydraulic motor (25, 25') in each of the 
work sections operatively connected to a load (Load 1, 
Load 2). a direction control valve (26. 25') in each ot the 
work sections connected to the inlet conduit and to the 
hydraulic motor, metering notches (33, 33') in the direc- 
tion control valves controlling the flow of fluid from the 
source to the hydraulic motor, a pressure compensator 
valve in each of the work sections inputting flow-me- 
tered fluid from the metering notches and outputting 
flow-regulated fluid to the hydraulic motor, the pressure 
compensator valves having flow-metered pressure act- 
ing on one end thereof and a spring and a compensator 
control signal operating on the other end thereof, a flow- 
regulated logic check system (45) interconnecting each 
ot the work sections and providing a flow-regulated max- 
imum output signal, a flow-metered logic check system 



(40) interconnecting each of the work sections and pro- 
viding a flow-metered maximum output signal, and an 
isolation circuit (60, 160, 260) having an isolation valve 
(61, 161. 261) and a relief valve (67, 167, 267) and re- 
ceiving the flow-regulated maximum output signal and 
the flow-metered maximum output signal and supplying 
a load signal to the source retum line and an isolation 
outlet signal to an induced load check system (70) also 
receiving a flow-regulated fluid signal from each of the 
work sections and supplying as the compensator control 
signal to each of the work sections the highest pressure 
signal of the isolation outlet signal and the flow-regulat- 
ed fluid signal for the work section, whereby the pres- 
sure compensating valves and the relief valve are iso- 
lated from induced loads introduced in the flow-regulat- 
ed maximum output signal by the load on the hydraulic 
motor of at least one of the work sections. A work section 
(411) may be provided with adjustable flow limiting 
valves (413, 414) for restricting flow to direction control 
valve 426. In lieu of an isolation circuit, a relief circuit 
(360) may be provided for certain applications. 
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Description 

TECHNICAL FIELD 

The present invention relates generally to a control 
system tor simultaneously controlling a plurality of hy- 
draulic loads. More particularly, the present invention re- 
lates to an Integral control valve for simultaneously con- 
trolling a plurality of independent hydraulic loads. More 
specifically, the present invention relates to a control 
system for simultaneously controlling a plurality of loads 
which includes an isolation section which isolates in- 
duced load pressures that exceed the pressure capacity 
which can be developed by the system pump for reflect- 
ing control and/or relief functions of the system. 

BACKGROUND ART 

Load-sensing hydraulic control systems for multiple 
loads of the load-independent, proportional-flow type 
commonly have pressure compensating valves located 
downstream of metering orifices in the direction control 
valves for the loads. The load pressure signals may be 
sensed either downstream of the direction control 
valves or, perhaps more commonly, downstream of the 
pressure compensating valves. A load pressure signal 
circuit normally connects the highest of the load pres- 
sure signals to the spring chambers of the pressure 
compensating valve for each of the loads. Those con- 
ventional systems have proven to be generally effective 
in applications where load characteristics of the work 
sections are consistently maintained within the operat- 
ing range of the system pump and minor extents of hy- 
draulic motor fluctuations can be tolerated. 

However, in many applications for such hydraulic 
control systenrvs, load drift or sinking may be unaccept- 
able. In addition, some systems have operating param- 
eters in which one or more work sections of a control 
system may intermittently be subjected to loads of a high 
magnitude. When a load at any one hydraulic motor of 
a work section is greater than the highest pressure 
which can be developed by the system pump, an in- 
duced load is introduced Into the load pressure signal 
circuit. The introduction of such an induced load as the 
highest load pressure sign in conventional control sys- 
tems acts on and shuts the pressure compensating 
valves in all work sections as the highest load pressure 
signal, such that no work sections output flow irrespec- 
tive of demand. Further, an induced load acting on a load 
sense relief valve can result in the induced load drifting 
uncontrollably. 

Various proposals have been made in recent years 
to counteract drift and induced loads in control systems 
which may be subject to loading conditions tending to 
produce these phenomena One approach has been the 
use of a comparator which monitors a desired pressure 
for the control valve with present load pressure to de- 
velop a pressure differential that can be used to readjust 



the control valve or a pressure compensating valve with 
respect to the direction of flow of working fluid to the 
hydraulic motors. Another approach has been to com- 
bine the pressure compensating valve with a load check 
s valve, such that the common pressure signal directed 
to all the pressure compensating valves of the system 
is limited to a predetermined maximum level. In other 
instances, use of the highest indirect pressure to a pres- 
sure reducing valve to control the pump controller as 
10 well as the pressure compensating valves has been em- 
ployed to prevent sinking. Another approach contem- 
plates a load pressure duplicating valve which reduces 
pump output pressure to a pressure level equal to the 
load pressure which is used as the control fluid for the 
IS pressure compensating valves and the controller for the 
pump. Another example contemplates the use of addi- 
tional spools in the direction control valve with associ- 
ated switching spools, whereby different spools effect 
control under different operating conditions. 
20 These various control systems are frequently 
adaptable to only a very specific direction control valve 
and/or pump arrangement and characteristics. In other 
instances, a solution for sinking or induced loads may 
adversely affect other aspects of the operation or per- 
2S formance of a control system, where more spools or a 
substantial number of additional components are re- 
quired for a particular control system, inordinate ex- 
pense may be encountered. As a result of these various 
factors, no single control system has been widely adopt- 
30 ed in the industry. 

DISCLOSURE OF THE INVENTION 

Therefore, an object of the present invention is to 
35 provide a load-sensing control system that maintains all 
the operating advantages of such systems which em- 
ploy load-generated pressure to control pump displace- 
ment and to effect some pressure compensating. An- 
other object of the invention is to provide such a control 
40 system having load-independent valve control. A further 
object of the Invention is to provide such a control sys- 
tem which is capable of individually or sirhultaneously 
operatively servicing a plurality of work sections having 
hydraulic motors subjected to loading conditions varying 
45 in direction and magnitude. 

Another object of the present invention is to provide 
a load-sensing control system wherein the pressure sig- 
nal sent to the pump controller is a metered pressure 
signal derived from the pressure downstream of the di- 
50 rection control valve metering notches and upstream of 
the compensators. A further object of the invention is to 
provide such a control system wherein the metered 
pressure signal sent to the pump controller is the max- 
imum metered pressure signal extant in any work sec- 
55 tion of the system at any point in time, thereby improving 
compensatory efficiency by accounting for flow velocity 
variations in the various direction control valves. Yet an- 
other object of the invention is to provide such a control 
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system wherein the maximum metered pressure signal 
sent to the pump controller provides direction control 
valve response to build pressure to move a load at an 
improved rate because the pressure compensator 
valves do not need to be open to send a signals to the s 
pump controller, thereby tending to preclude drifting of 
a load upon application to a hydraulic motor. Yet a fur- 
ther object of the, invention is to provide such a controller 
wherein the maximum metered pressure signal sent to 
the pump controller permits utilization of pumps and 
controllers therefor having a low standby pressure in 
that the pump is not required to open the work section 
pressure compensator valves in order to send a signal 
back to the pump controller. 

Another object of the present invention is to provide 
a load-sensing control system having an isolation circuit 
which precludes induced loads from acting on and clos- 
ing the pressure compensator valves and thereby stop- 
ping flow from all of the work sections. Still another ob- 
ject of the invention is to provide such a load-sensing 
control system having an isolation circuit which pre- 
cludes induced loads from acting on the load sense re- 
lief valve. Still a further object of the invention is to pro- 
vide such a load-sensing control system having an iso- 
lation circuit which maintains flow to work sections hav- 
ing less than maximum load when the load sense relief 
valve limits pressure. Another object of the invention is 
to provide such a load-sensing control system having a 
relief section which maintains flow to work sections hav- 
ing less than maximum load when the load sense relief 
valve limits pressure in the absence of an isolation 
valve. 

Another object of the present invention Is to provide 
a load-sensing control system wherein the pump sup- 
plies one or more direction control valves with branch 
inlet lines having adjustable flow-limiting valves for se- 
lectively restricting flow to the inlet sections of the direc- 
tion control valve and thus through motor conduits to the 
two chambers of a hydraulic motor to tailor fluid flow to 
the operating characteristics of a particular system. Still 
another object of the invention is to provide such a load- 
sensing control system wherein the work sections and 
a variety of isolation and/or relief circuits can be config- 
ured and interconnected in a manner which permits 
modular design for flexibility in satisfying a wide variety 
of system load parameters. A still further object of the 
invention is to provide such a load-sensing control sys- 
tem which may employ relatively simple, conventional 
hardware, such that construction and maintenance may 
be carried out at attractive costs. 

In general, the present invention contemplates a 
pressure-responsive hydraulic control system having a 
plurality of work sections, a load-sensing flow-compen- 
sated source which creates a margin pressure connect- 
ed by a parallel flow inlet conduit to the work sections 
and having a source return line, a hydraulic motor in 
each of the work sections ope rati vely connected to a 
load, a direction control valve in each of the work sec- 



tions connected to the inlet conduit and to the hydraulic 
nrK>tor. metering notches in the direction control valves 
controlling the flow of fluid from the source to the hy- 
draulic motor, a pressure compensator valve in each of 
the work sections inputting flow-metered fluid from the 
metering notches and outputting flow-regulated fluid to 
the hydraulic motor, the pressure compensator valves 
having flow-metered pressure acting on one end thereof 
and a spring and a compensator control signal operating 
on the other end thereof, a flow-regulated logic check 
system interconnecting each of the work sections and 
providing a flow-regulated maximum output signal, a 
flow-metered logic check system interconnecting each 
of the work sections and providing a flow-metered max- 
imum output signal, and an isolation circuit having an 
isolation valve and a relief valve and receiving the flow- 
regulated maximum output signal and the flow-metered 
maximum output signal and supplying a load signal to 
the source return line and an isolation outlet signal to an 
induced load check system also receiving a flow-regu- 
iated fluid signal from each of the work sections and sup- 
plying as the compensator control signal to each of the 
work sections the highest pressure signal of the isolation 
outlet signal and the flow-regulated fluid signal for the 
work section, whereby the pressure compensating 
valves and the relief valve are isolated from induced 
loads introduced in the flow-regulated maximum output 
signal by the load on the hydraulic motor of at least one 
of the work sections. 

Another aspect of the present invention contem- 
plates a pressure-responsive hydraulic control system 
having a plurality of work sections, a load-sensing flow- 
conrpensated source which creates a margin pressure 
connected by a parallel flow inlet conduit to the work 
sections and having a source return line, a hydraulic mo- 
tor in each of the work sections ope rati vely connected 
to a load, a direction control valve in each of the work 
sections connected to the inlet conduit and to the hy- 
draulic motor, metering notches in the direction control 
valves controlling the flow of fluid from the source to the 
hydraulic motor, a pressure compensator valve in each 
of the work sections inputting flow-metered fluid from the 
metering notches and outputting flow-regulated fluid to 
the hydraulic motor, the pressure compensator valves 
having flow-metered pressure acting on one end thereof 
and a spring and a compensator control signal operating 
on the other end thereof, a flow-regulated logic check 
system interconnecting each of the work sections and 
providing a flow-regulated maximum output signal, a 
flow-metered logic check system interconnecting each 
of the work sections and providing a flow-metered max- 
imum output signal, and a relief circuit having a relief 
valve and receiving the flow-regulated maximum output 
signal and the flow-metered maxim um output signal and 
supplying a load signal to the source return line and a 
relief outlet signal to an induced load check system also 
receiving a flow-regulated fluid signal from each of the 
work sections and supplying as the compensator control 
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signal to each of the work sections the highest pressure 
signal of the relief outlet signal and the flow-regulated 
fluid signal for the work section, whereby flow output is 
maintained at all of the work stations when the relief 
valve is limiting pressure. ^ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a schematic view of a control system ac- 
cording to the concepts of the present invention having io 
a plurality of work sections with hydraulic motors serv- 
iced by a load-sensing flow-compensated source and 
tank and an operatlvely interrelated isolatbn circuit. 

Fig. 2 is a fragmentary schematic view of the control 
system of Fig. 1 showing a modified form of isolatton is 
circuit according to the concepts of the present inven- 
tion. 

Fig. 3 is a fragmentary schematic view of the control 
system of Fig. 1 showing a modified form of isolation 
circuit similar to Fig. 2 and according to the concepts of 20 
the present invention. 

Fig. 4 is a fragmentary schematic view of the control 
system of Fig. 1 showing an exemplary relief circuit ac- 
cording tQ the concepts of the present invention. 

Fig. 5 is a fragmentary schematic view of the control 
system of Fig. 1 showing an alternative form of work sec- 
tion with branch inlet lines having adjustable flow control 
valves serving the direction control valve according to 
the concepts of the present invention. 

30 

PREFERRED EMBODIMENT FOR CARRYING OUT 
THE INVENTION 

A control system embodying the concepts of the 
present invention is generally indicated by the numeral 3S 
10 in Fig. 1 of the drawings. The control system 10 
shown is a pressure-responsive hydraulic arrangement 
adapted to independently control a plurality of hydraulic 
loads or users through a variety of operating conditions. 
Control system 10 includes a first work section, gener- 
ally Indicated by the numeral 11., and a second work sec- 
tion, generally indicated by the numeral 12. It is to be 
appreciated that additional work sections interconnect- 
ed in the manner of work sections 11 and 12 may be 
provided, depending upon the number of loads or users 
involved in a particular application. 

The work sections 11, 1 2 are interconnected with a 
load-sensing flow-compensated source which creates 
a margin pressure, generally indicated at S, and a tank 
T. As shown, pump P which operates as a load-sensing so 
variable displacement pressure/flow compensated type 
which is connected to tank T by a pump input line 15. 
The pump P includes a controller 16 which maintains 
the output through discharge port 1 7 of pump P at a pre- 
determined fixed pressure value, basically pump margin 55 
pressure, above the pressure In source return line 18. 
The output of port 17 of pump P is a parallel supply to 
the work sections 11,12 through inlet conduit 1 9. As will 



be appreciated by persons skilled in the art. source S 
could be otherwise constituted for substantially the 
same operation. For example, source S could employ a 
fixed displacement type pump with an integral load 
sensing bypass type compensator or a fixed displace- 
ment pump used with a control system having an inlet 
section that has a load sensing bypass type compensa- 
tor. 

Only work section 11 is described In detail because 
work sections 11 and 12 are substantially identical. The 
corresponding elements of work section 1 2 are desig- 
nated with identical numerals with a prime ('). 

The work section 11 includes a hydraulic motor, 
generally indicated by the nurneral 25, which is opera- 
tlvely interrelated with a load designated Load 1 . with a 
Load 2 operatlvely associated with hydraulic motor 25'. 
Work section 11 also includes a direction control valve, 
generally indicated by the numeral 26, and a compen- 
sator valve, generally Indicated by the numeral 27. The 
direction control valve 26 Is connected to the inlet con- 
duit 1 9, to a tank line T' connected to tank T via a relief 
line 30, and to the double-acting hydraulic motor 25 
through motor conduits 31 and 32. Fluid is supplied 
through motor conduit 31 to one chamber of hydraulic 
motor 25 and returned from the other chamber of hy- 
draulic motor 25 via motor conduit 32 or vice versa, de- 
pending upon the positioning of direction control valve 
26 which may be effected by a mechanical linkage L in 
a manner well known in the art. The direction control 
valve 26 has infinitely adjustable metering notches 33 
through which fluid from inlet conduit 1 9 is directed. The 
output of notches 33 is downstream to the inlet of com- 
pensator valve 27 through a flow-metered conduit 34. 

The outlet of compensator valve 27 is through a 
flow- regulated conduit 35 which returns to direction con- 
trol valve 26 and selectively interconnects with a motor 
conduit 31 or 32. One end of compensator valve 27 Is 
acted upon by a flow-metered pilot line 36 which is con- 
nected to flow-metered conduit 34. The other end of 
compensator valve 27 is acted upon by a spring 37 and 
a compensator control pilot line 38 having a pressure 
signal derived in a manner hereinafter described. 

Interconnecting the work sections 11 and 12 Is a 
flow-metered logic check system, generally indicated by 
the numeral 40. The flow-metered logic check system 
40 consists of a pair of check valves 41 and 41 ' which 
are associated with work sections 11 and 12, respec- 
tively. Flow-metered logic input lines 42 and 42', which 
are connected to flow-metered conduits 34 and 34', re- 
spectively, operate on one side of the check valves 41 
and 41*, respectively. A flow-metered logic transfer line 
43 interconnects the other side of check valves 41 and 
41 It will be appreciated by persons skilled in the art 
that due to the arrangement of flow-metered logic check 
system 40, the flow-metered logic transfer line 43 will 
reflect the pressure of the flow-metered logic input line 
42 or 42' having the highest or maximum pressure. The 
flow-metered logic check system 40 has a flow-metered 
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maximum output line 44 connected to flow-mete red log- 
ic transfer line 43 which directly or indirectly communi- 
cates with the source return line 18. Thus, the flow-me- 
tered logic check system 40 normally improves compen- 
sator efficiency by employing the highest pressure in s 
any of a plurality of work sections 11,12. which may vary 
to some extent due to flow velocity variations in the di- 
rection control valves 26, 26' or the like. 

The work sections 1 1 and 1 2 are also interconnect- 
ed by a flow-regulated logic check system: generally in- 
dicted by the numeral'45. The flow-regulated logic check 
system consists of a pair of check valves 46 and 46' 
which are associated with work sections 11 and 12. re- 
spectively. Flow-regulated logic input lines 47 and 47' 
which are connected to flow-regulated conduits 35 and 
35', respectively, operate on one side of the check 
valves 46 and 46', respectively. A flow- regulated logic 
transfer line 48 interconnects the other side of check 
valves 46 and 46*. In a manner comparable to flow-me- 
tered logic check system 40, the flow-regulaled logic 
transfer line 48 will reflect the pressure of flow-regulated 
logic input line 47 or 47' having the highest or maximum 
pressure, which also constitutes a representation of the 
highest load pressure signal at any point in time. The 
flow-regulated logic check system 45 has a flow-regu- 
lated maximum output line 4g which communicates with 
each of the compensator control pilot lines 38 and 38' 
at the ends of compensator valves 27 and 27' having 
the springs 37 and 37'. 

The control system 10 is provided with an isolation 
circuit, generally indicted by the numeral 60. The isola- 
tion circuit 50 includes an isolation spool valve 61 that 
has an isolation spool input conduit 62 which is connect- 
ed to flow-metered maximum output line 44 through a 
flow-!imtting orifice 63 having a maximum pressure dif- 
ferential across it that does not exceed the pump margin 
pressure. Isolation spool valve 61 has an isolation spool 
outlet conduit 64 which communicates with compensa- 
tor valves 27,27' In a manner described hereinafter. 

One end of isolation spool valve 61 senses the pres- 
sure in flow-regulated maximum output line 49 of flow- 
regulated logic check system 45. The other end of iso- 
lation spool valve 61 senses the output of isolation spool 
valve 61 via a passage 65 connected to isolation spool 
outlet conduit 64. The isolation spool input conduit 62 is 
connected downstream of flow-limiting orifice 63 with a 
relief valve Input conduit 66 connected to a load signal 
relief valve 67, which may be a pressure-adjustable 
spring-loaded poppet valve. The relief valve 67 has an 
output conduit 68 which is selectively connected to tank 
line T' for relieving pressures in isolation spool inlet con- 
duit 62 exceeding a preset value. Isolation spool inlet 
conduit 52 is also connected downstream of flow-limit- 
ing orifice 63 to the source return line 18. 

The isolation circuit 60 communicates via isolation 
spool outlet conduit 64 an outlet signal to an induced 
load check system 70 which is operatively interrelated 
with each of the work sections 11. 12. In particular, in- 



duced load check valves 71 and 71 ' are associated with 
the work sections 11 and 12, respectively, and opera- 
tively interrelate with the compensator valves 27 and 
27'. Specifically, the isolation spool outlet conduit 64 op- 
erates on one side of each of the induced load check 
valves 71 and 71'. The flow-regulated conduits 35 and 
35* of work sections 1 1 and 1 2 are connected to the other 
side of the check valves 71 and 71'. The output of the 
check valves 71 and 71' are the compensator control 
pilot lines 38 and 38' which operate on the ends of the 
compensator valves 27 and 27' having the springs 37 
and 37'. In each instance, the compensator control pilot 
lines 38 and 38' at any time carry the maximum pressure 
as between Isolation spool outlet conduit 64 and respec- 
tive flow-regulated conduits 35 and 35*. 

Under normal operating conditions, the control sys- 
tem 1 0 performs in a manner simi lar to some load-sens- 
ing hydraulic systems which use load-generated pres- 
sure to control pump displacement and to effect some 
pressure compensating. In addition, there is provided 
load-independent, proportional flow control having the 
compensator valves 27, 27' located downstream of the 
metering notches 33, 33' in the direction control valves 
26, 26* of the exemplary work sections 1 1 . 1 2. If the com- 
bined demand for fluid from the work circuits 11, 12 is 
greater than the maximum flow output which can be de- 
veloped by the pump P, the compensator valves 27, 27* 
proportion the flow according to the relative size of the 
metering notches 33 and 33' operative in the direction 
of control valves 26, 26'. Either or both of the hydraulic 
motors 25, 25' can be actuated by an operator manipu- 
lation of the mechanical linkages L, U to the direction 
control valves 26. 26'. 

When both control valves 26, 26" are actuated to a 
temporarily fixed setting when relief valve 67 is not pres- 
sure limiting, the isolation spool valve 61 of isolation cir- 
cuit 60 effects pressure reducing and achieves a bal- 
anced position in the top position depicted in Fig. 1. In 
the non-pressure limiting condition, control system 10 
would differ from Fig. 1 in having relief valve 67 in the 
closed position, the ball of check valve 71' in the other 
position, and compensator valve 27' open to provide 
flowto hydraulic motor 25'. Under this circumstance, the 
pi-essure In the flow-regulated maximum output line 49 
operating on isolation spool 61 is reproduced in isolation 
spool outlet conduit 64 which Is supplied as hereinabove 
described through the induced load check system 70 to 
the spring end of both compensator valves 27 and 27*, 
with the proper pressure differential being maintained 
across the compensator valves 27 and 27'. Further, the 
compensator valves 27, 27' function in the usual manner 
with controller 16 and pump P to maintain the desired 
pressure differentials across the metering notches 33 
and 33' so that the required flow rates therethrough are 
achieved. 

As the position of the control valves 26. 25' is varied, 
the isolation spool valve 61 moves to achieve force equi- 
librium. In so responding, the isolation spool valve 61 
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may move to the middle and lower positions depicted in 
Fig. 1 where it perfornns pressure reducing and/or re- 
lieving. In this respect, the input of isolation spool input 
conduit 62 refiecting pressure in flow-nnetered nnaxi- 
mum output line 44 is pressure reduced to adjust pres- 
sure in isolaticn spool outlet conduit 64 and relieves out- 
let pressure to spool outlet conduit 64 to tank line T, if 
the pressure is too high. 

The isolation spool valve 61 also has significant 
functions in the event of an induced load. For purposes 
of discussion herein, an induced load is a load pressure 
acting on any one hydraulic motor 25 or 25' which is 
greater than the highest pressure which can be devel- 
oped by the pump R The output pressure of pump P is 
limited to the pressure setting of load signal relief valve 
67 plus the margin pressure of the pump R Such an in- 
duced load pressure becomes the pressure in the flow- 
regulated maximum output line 49 as the output of flow- 
regulated logic check system 45. In the absence of iso- 
lation spool valve 61, this induced load pressure would 
act on the spring end of all of the compensator valves 
27, 27*. The result would be that all the compensator 
valves 27, 27' would shut because the higher induced 
load pressure would operate on the area of the spring 
end thereof, whereas flow-metered conduit 34 pressure, 
which is essentially the lesser outlet pressure of pump 
P. operates on the other end which is of equal area. 

The Fig. 1 depiction shows an induced load condi- 
tion at hydraulic motor 25' which causes relief valve 67 
to open and relieve to tank line T'. The compensator 
valve 27' is closed because the induced load at hydrau- 
lic motor 25 * acts on it through check valve 71 This is 
necessary to hold the induced load at hydraulic motor 
25 ' stationary. Isolation spool 61 of isolation circuit 60 
achieves an unbalanced condition in the top position de- 
picted in Fig. 1. In this respect, the Isolation spool outlet 
conduit 64 senses the pressure in isolation spool input 
conduit 62 which reflects pressure in relief valve input 
conduit 66. The lower end of isolation spool valve 61 
senses the output of isolation spool valve 61 via outlet 
passage 65 connected to isolation spool conduit 64. The 
compensator valve 27 is acted upon by the lesser pres- 
sure in isolation spool outlet conduit 64. Compensator 
valve 27 is thus isolated from an induced load since the 
induced load pressure acts only on the upper end of iso- 
lation spool valve 61 which is of equal area. In order to 
resume operation of hydraulic motor 25*. the induced 
load condition must be eliminated. This could be imple- 
mented by external means to control system 10 or pos- 
sibly by manipulating hydraulic motor 25. if it is applying 
load to hydraulic motor 25'. 

The isolation spool valve 61 also segregates the 
load sense relief valve 67 from the induced load pres- 
sure. In order to limit the output pressure of the pump P 
and maintain flow output in any work section 11 which 
is at less than induced load pressure, the pressure of 
flow-metered maximum output line 44 must be limited. 
This is effected by relief valve 67 acting thereon with the 



induced load pressure being separated therefrom by the 
isolation spool valve 61. Also, isolation spool valve 61 
prevents an induced load from drifting because flow is 
displaced by relief valve 67. 

s When the relief valve 67 actuates to relieve pres- 
sure in isolation spool input conduit 62 from flow-me- 
tered maximum output line 44, the flow output in any 
work section 11.12 having less than the maximum load 
will be less because the same signal is sent to the com- 

10 pensator valves 27, 27*andthe pump controller 16. such 
that the pressure differential across the metering notch- 
es 33, 33' is reduced. The flow through compensator 
valves 27, 27' is also reduced because the nnargin pres- 
sure of pump P is consumed from the discharge port 17 

IS of pump P downstream rather than upstream of the com- 
pensator valves. Such flow reduction is desirable in 
some applications. 

A modified form of isolatbn circuit for use with con- 
trol system 10 is generally indicated by the numeral 160 

20 in Fig. 2 of the drawings. The isolation circuit 160 in- 
cludes an isolation spool valve 161 that has an isolation 
spool input conduit 162 which is connected to flow-me- 
tered maximum output line 44 through a flow-limiting or- 
ifice 163 having a maximum pressure differential across 

25 it that does not exceed the pump margin pressure. Iso- 
lation spool valve 161 has an isolation spool outlet con- 
duit 164 which communicates with compensator valves 
27, 27' of work sections 11 , 12 via induced load check 
system 70. 

30 One end of isolation spool valve 161 senses the 
pressure in flow-regulated maximum output line 49 of 
flow-regulated logic check system 45. The other end of 
isolation spool valve 1 61 senses the output of isolation 
spool valve 161 via a passage 165 connected to isola- 

35 tion spool outlet conduit 164, The isolation spool outlet 
conduit 164 is also connected with a relief valve input 
conduit 166 connected to a load signal' relief valve 167. 
The relief valve 167 has an output conduit 1 68 which is 
selectively connected to tank line T' for relieving pres- 

40 sures in isolation spool outlet conduit 164 exceeding a 
preset value. Isolation spool inlet conduit 162 is con- 
nected downstream of flow-limiting orifice 1 63 to source 
return line 18. The isolation spool valve 1 61 is similar to 
isolation spool valve 61 except for the presence of a 

45 spring-loaded Isolation check valve 180, which is incor- 
porated in the isolation spool valve 1 61 . and the addition 
of a fourth distinct position of isolation spool 161 . 

The operation of control system 1 0 with isolation cir- 
cuit 160 is essentially identical to the operation de- 

50 scribed above in relation to isolation circuit 60. The pri- 
mary exception is that in operation when the relief valve 
167 actuates to relieve pressure in spool outlet conduit 
164, the pressure in isolation spool input conduit 162 
reflecting the pressure of flow-metered maximum output 

ss iine 44 is limited by the isolator spool check valve 180 
because of the pressure drop occasioned by the spring 
pressure with isolation spool valve 161 in the Fig. 2 po- 
sition. The isolation check valve 1 80, therefore, main- 



6 



11 



EP 0 801 231 A1 



12 



tains the proper pressure differential between isolation 
spool input conduit 1 62 and isolation spool outlet con- 
duit 164 to the compensators 27. 27'. It will thus be ob- 
served that when the relief valve 1 67 limits pressure, the 
flow output in any work section 11 . 12 having less than 
the maximum load will be maintained in contrast to the 
previously described operation of isolation circuit 60. 

A modified form of isolation circuit for use with con- 
trol system 10 and similar to Fig. 2 is generally indicated 
by the numeral 260 in Fig. 3 of the drawings. The isola- 
tion circuit 260 includes an isolation spool valve 261 that 
has an isolation spool Input conduit 262 which is con- 
nected to flow-metered maximum output line 44 through 
a flow-limiting orifice 263 having a maximum pressure 
differential across it that does not exceed the pump mar- 
gin pressure. Isolation spool valve 261 has an isolation 
spool outlet conduit 264 which communicates with com- 
pensator valves 27. 27* of work sections 11. 12 via in- 
duced load check system 70. 

One end of Isolation spool valve 261 senses the 
pressure in flow-regulated maximum output line 49 of 
flow-regulated logic check system 45. The other end of 
isolation spool valve 261 senses the output of isolation 
spool valve 261 via a passage 265 connected to isola- 
tion spool outlet conduit 264. The Isolation spool outlet 
conduit 264 Is also connected with a relief valve input 
conduit 266 connected to a load signal relief valve 267. 
The relief valve 267 has an output conduit 268 which is 
selectively connected to tank line T' for relieving pres- 
sures in isolation spool outlet conduit 264 exceeding a 
preset value. Isolation spool inlet conduit 262 is con- 
nected downstream of flow-limiting orifice 263 to source 
retum line 18. 

The isolation spool valve 261 is identical to Isolation 
spool valve 161 except there Is no spring-loaded isola- 
tion check valve 180. Rather, a spring-loaded check 
valve 280 is interposed between the isolation spool out- 
let conduit 264 upstream of the relief valve 267 and the 
isolation spool inlet conduit 262. 

The operation of control system 1 0 with isolation cir- 
cuit 260 is essentially identical to the operation de- 
scribed above In relation to Isolation circuit 160. The 
main differences are that segregating check valve 280 
from the spool of isolation spool valve 261 provides a 
simplified mechanical and machining arrangement. 
However, incorporating check valve 180 in isolation 
spool valve 161 pursuant to Fig. 2 lends the possibility 
of greater efficiency in the pressure reducing and/or re- 
lieving positions because the check valve 1 80 may be 
located so its connections are blocked by movement of 
the spool, resulting in less leakage across the check 
valve 161. 

In operating circumstances where Induced loads 
are a rare or nonexistent occurrence, a relief circuit, gen- 
erally indicated by the numeral 360 In Fig. 4 of the draw- 
ings, may be employed with control system 10 in lieu of 
isolation circuits 60. 160, or 260. The relief circuit 360 
is essentially the modified isolation circuit of Fig. 3 with- 



out the isolation spool valve 261 . As seen in Fig. 4. the 
flow-metered maximum output line 44 is directed 
through a flow-limiting orifice 363 having a maximum 
pressure differential across it that does not exceed the 

5 pump margin pressure. Downstream of flow-limiting or- 
ifice 363, the bad signal output line 365 connects to 
source retum line IB. 

The flow-regulated maximum output line 49 of flow- 
regulated logic check system 45 connects directly with 

10 a compensator output line 364 which communicates 
with compensator valves 27. 27* of work sections 11 . 12 
via induced load check system 70 and with a load signal 
relief valve 367 via relief valve input conduit 366. The 
relief valve 367 has an output conduit 368 which is se- 

75 lectively connected to tank line T' for relieving pressures 
in compensator output line 364 exceeding a preset val- 
ue. A spring-loaded check valve 380 is interposed be- 
tween the compensator output line 364 upstream. of the 
relief valve 357 and the load signal output line 365 tor 

20 limiting pressure in load signal output line 365. 

It will be appreciated that operation of control sys- 
tem 10 with relief circuit 360 provided no protection to 
compensator valves 27,27' or relief valve 367 from in- 
duced loads introduced through flow-regulated maxi- 

25 mum output line 49 and the attendant disadvantages de- 
scribed hereinabove. However, the check valve 380 
maintains the proper pressure differential between load 
signal output line 365 and compensator output line 364 
to compensators 27. 27V Thus, flow output in any work 

30 section 11. 12 having less than maximum load will be 
maintained when relief valve 367 limits pressure. 

An alternate work section, generally indicated by 
the numeral 41 1 . is shown in conjunction with the control 
system 10 in Fig. 5 of the drawings. The work section 

35 411 Is essentially identical to work section 11 described 
above, except that inlet conduit 419 has branch inlet 
lines 419' and 419" interconnecting the source S with 
the direction control valve, generally indicated by the nu- 
meral 426. The branch inlet lines 419' and 419" have 

40 adjustable flow-limiting valves 413 and 414 which re- 
strict flow to the inlet sections of direction control valve 
426 and thus through motor conduits 431 and 432 to the 
respective chambers of the double-acting hydraulic mo- 
tor 425. With this arrangement, flow quantity may be ad- 

45 justed as desired to take into account maximum pres- 
sure requirements and other operating characteristics 
of a particular Load 1 serviced by hydraulic motor 425. 
It will be appreciated by persons skilled in the art that 
the adjustable flow-limitation valves 413, 414 may be 

50 physically located in the branch inlet lines 41 9', 419" or 
incorporated into the direction control valve 426. Fur- 
ther, flow-limitation valves 413 and 414 may be em- 
ployed in only one or any number of work sections 11 , 
12 in a control system 1 0. 

55 Thus, it should be evident that the subject control 
system carries out the various objects of the invention 
set forth hereinabove and otherwise constitutes an ad- 
vantageous contribution to the art. As may be apparent 
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to persons skilled in the art, modifications can be made 
to the preferred embodiments disclosed herein without 
departing from the spirit of the invention, the scope of 
the invention being limited solely by the scope of the 
attached claims. 



Claims 

1. A pressure-responsive hydraulic control system 
comprising, a plurality of work sections, a load- 
sensing flow-compensated source which creates a 
margin pressure connected by a parallel flow inlet 
conduit to said work sections and having a source 
retum line, a hydraulic motor In each of said work 
sections operatively connected to a load, a direction 
control valve in each of said work sectbns connect- 
ed to said Inlet conduit and to said hydraulic motor, 
metering notches in said direction control valves 
controlling the flow of fluid from said source to said 
hydraulic motor, a pressure compensator valve in 
each of said work sections inputting flow-metered 

. fluid from said metering notches and outputting 
flow- regulated fluid to said hydraulic motor, said 
pressure compensator valves having flow-metered 
pressure acting on one end thereof and a spring and 
a compensator control signal operating on the other 
end thereof, a flow-regulated logic check system in- 
terconnecting each of said work sections and pro- 
viding a flow- regulated maximum output signal, a 
flow-metered logic check system interconnecting 
each of said work sections and providing a flow-me- 
tered maximum output signal, and an isolation cir- 
cuit having an isolation valve and a relief valve and 
receiving said flow-regulated maximum output sig- 
nal and said flow-metered maximum output signal 
and supplying a load signal to said source return 
line and an isolation outlet signal to an induced load 
check system also receiving a flow-regulated fluid 
signal from each of said work sections and supply- 
ing as said compensator control signal to each of 
said work sections the highest pressure signal of 
said isolation outlet signal and the flow-regulated 
fluid signal for said work section, whereby said pres- 
sure compensating valves and said relief valve are 
isolated from Induced toads Introduced in said flow- 
regulated maximum output signal by said load on 
said hydraulic motor of at least one of said work sec- 
tions. 

2. A control system according to claim 1 , wherein said 
isolation valve includes an isolation spool balanced 
by said flow- regulated maximum output signal act- 
ing on one end thereof and said isolation output sig- 
nal acting on the other end thereof, said spool input 
receiving said flow-metered maximum output signal 
and effecting reducing and relieving functions to 
produce said isolation output signal. 



3. A control system according to claim 2, wherein said 
flow-metered maximum output signal is operated 
on by a flow^imlting orifice interposed between said 
flow-metered logic check system and said Isolation 

s valve. 

4. A control system according to claim 3, wherein said 
relief valve operates on said flow-metered maxi- 
mum output signal downstream of said flow-limrting 

10 orifice and upstream of said isolation valve, said iso- 
• lation spool being in an unbalanced position where- 
by said isolation outlet signal is connected to said 
Isolation spool Input and disconnected from tank re- 
lief conduits when said relief valve is limiting pres- 

is sure. 

5. A control system according to claim 4, wherein said 
relief valve Is adjustable to relieve pressure at any 
desired preset value. 

20 

6- A control system according to claim 2, wherein said 
one end and said other end of isolation spool are of 
equal area. 

25 7. A control system according to claim 1 , wherein said 
isolation valve includes an isolation spool balanced 
by said flow-regulated maximum output signal act- 
ing on one end thereof and said isolation outlet sig- 
nal acting on the other end thereof, said isolation 

30 spool input receiving said flow-metered maximum 
output signal and effecting reducing and relieving 
functions to produce said Isolation outlet signal, and 
an isolation check valve In said isolation spool op- 
erative for maintaining a fixed pressure differential 

35 between said isolation spool input and said isolation 
outlet signal to maintain flow output at all of said 
work sections, said isolation spool being in an un- 
balanced position whereby said Isolation outlet sig- 
nal is disconnected from said isolation spool input 

40 and tank relief conduits when said relief valve is lim- 
iting pressure. 

8. A control system according to claim 7, wherein said 
Isolation check valve is spring loaded. 

45 

9. A control system according to claim 7. wherein said 
relief valve operates on said Isolation outlet signal 
downstream of said isolation spool. 

so 10. A control system according to claim 1 , wherein said 
Isolation valve Includes an Isolation spool balanced 

by said flow- regulated maximum output signal act- 
ing on one end thereof and said Isolation outlet sig- 
nal acting on the other end thereof, said isolation 
55 spool input receiving said flow-metered maximum 
output signal and effecting reducing and relieving 
functions to produce said isolation output signal and 
an isolation check valve interposed between said 
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isolation outlet signal upstream of said relief valve 
and said isolation spool input operative for main- 
taining a fixed pressure differential between said 
isolation spool input and said isolation output signal 
to maintain flow output at all of said work sections, 
said isolation spool being in an unbalanced position 
whereby said isolation outlet signal is disconnected 
from said isolation spool input and tank relief con- 
duits when said relief valve is limiting pressure. 

11. A control system according to claim 10. wherein 
said isolation check valve is spring loaded. 

12. A control system according to claim 10, wherein 
said relief valve operates on said isolation outlet sig- 

Raf^ownstrearrvof-said-isolation-spool, 



sections and supplying as said compensator control 
signal to each of said work sections the highest 
pressure signal of said relief outlet signal and the 
flow- regulated fluid signal for said work section. 
5 whereby flow output is maintained at all of said work 
stations when said relief valve is limiting pressure. 

16. A control system according to claim 15. wherein 
said flow-regulated maximum output signal con- 
10 nects with said relief outlet signal, said relief valve 
operates on said relief outlet signal, and a check 
valve operative for maintaining a fixed pressure dif- 
ferential between said load signal and said relief 
outlet signal to maintain flow output at all of said 
75 work sections when said relief valve is limiting pres- 
sura 



1 3. A control system according to claim 1 , wherein said 
inlet condu rt to at least one of said work stations has 
branch inlet lines with flow-limiting valves for re- 20 
stricting flow to the inlet sections of said direction 
control valve and thus through motor conduits con- 
necting said metering notches in said direction con- 
trol valve and said hydraulic motor. 

2S 

14. A control system according to claim 13, wherein 
said flow-limiting valves are adjustable. 

15. A pressure-responsive hydraulic control system 
comprising, a plurality of work sections, a load- 30 
sensing flow-compensated source which creates a 
margin pressure connected by a parallel flow inlet 
conduit to said work sections and having a source 
return line, a hydraulic motor in each of said work 
sections operatively connected to a load, a direction 35 
control valve in each of said work sections connect- 
ed to said inlet conduit and to said hydraulic motor, 
metering notches in said direction control valves 
controlling the flow of fluid from said source to said 
hydraulic motor, a pressure compensator valve in ^o 
each of said work sections inputting flow-metered 
fluid from said metering notches and outputting 
flow-regulated fluid to said hydraulic motor, said 
pressure compensator valves having flow-metered 
pressure acting on one end thereof and a spring and 

a compensator control signal operating on the other 
end thereof, a flow-regulated logic check system in- 
terconnecting each of said work sections and pro- 
viding a flow-regulated maximum output signal, a 
flow-metered logic check system interconnecting so 
each of said work sections and providing a flow-me- 
tered maximum output signal, and a relief circuit 
having a relief valve and receiving said flow-regu- 
lated maximum output signal and said flow-metered 
maximum output signal and supplying a load signal ss 
to said source return line and a relief outlet signal 
to an induced load check system also receiving a 
flow-regulated fluid signal from each of sakd work 



17. A control system according to claim 16, wherein 
said check valve Is spring loaded. 

18. A control system according to claim 16, wherein 
said relief valve is adjustable. 

19. A . control system according to claim 16. wherein 
said flow-metered maximum output signal Is oper- 
ated on by a flow-limiting orifice interposed between 
said flow-metered logic check system and said 
check valve. 

20. A pressure-responsive hydraulic control system 
comprising, a plurality of work sections, a load- 
sensing flow-compensated source which creates a 
margin pressure connected by a parallel flow inlet 
conduit to said work sections and having a source 
return line, a hydraulic motor in each of said work 
sections operatively connected to a load, a direction 
control valve in each of said work sections connect- 
ed to said inlet conduit and to said hydraulic motor, 
metering notches in said direction control valves 
controlling the flow of fluid from said source to said 
hydraulic motor, a pressure compensator valve in 
each of said work sections inputting flow-metered 
fluid from said metering notches and outputting 
flow-regulated fluid to said hydraulic motor, said 
pressure compensator valves having flow-metered 
pressure acting on one end thereof and a spring and 
a compensator control signal operating on the other 
end thereof, a flow-regulated logic check system In- 
terconnecting each of said work sections and pro- 
viding a flow-regulated maximum output signal, a 
flow-metered logic check system interconnecting 
each of said work sections and providing a flow-me- 
tered maximum output signal, a source return line 
receiving said flow-metered maximum output sig- 
nal, and an induced load check system receiving 
said flow-regulated maximum output signal and a 
flow-regulated fluid signal from each of said work 
sections and supplying as said compensator control 
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signal to each of said work sections the highest 
pressure signal of said flow- regulated maximum 
output signal and the flow-regulated fluid signal for 
said work section. 
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